Introduction
The shape of organ and biological tissue is important to diagnose correctly. Recently the mechanical factors, which are influenced by the shape, have been often investigated and indicated the relationship with the disease. In order to establish an accurate diagnosis, it is necessary to determine the organ shape in each patient. Magnetic resonance imaging (MRI), one of the most famous systems for noninvasive imaging, is suitable for estimating organ shapes because it can be applied for various organs. There are a lot of methods to detect the organ and tissue in the image. While the distribution characteristics in the intensity and the phase are influenced by the system and the object, they have not been taken into account. In this study, we reported an image processing method to detect the object region by using the characteristics of the intensity and the phase distribution in space.
Materials and Methods

MRI Images
All the images in this study were obtained using the 1.5 T MRI system EXCELART (Toshiba Medical Systems, Japan). Spin-echo, gradient-echo, and phase-contrast methods were used to photograph these images. The phase image in the phase-contrast method was analyzed in this study because it is used to measure velocity. On the other hand, the magnitude measured by the other methods was used because the magnitude image is usually used to examine the organ. To examine the feasibility of this method, a sample, whose relaxation time was shortened by MnCl 2 , with a concentration that varied from 0.05 mM to 0.2 mM; distilled water; and skeletal muscle samples of Porcine and Chicken were used.
Image Processing Method
In this method, the entire range in the phase or intensity is divided into intervals, which are determined by an operator. Then, a point in each interval is ascertained. The neighboring points are considered as a single particle. The size of the rectangle bounding the particle is used to categorize the particles into three groups as follows: PE = RO group, square; PE > RO group, a particle elongating along the phase-encode direction; and PE < RO group, a particle elongating along the read-out direction. The elongation in the particle is corresponding to the anisotropy in the distribution. The operator chooses the group that is most suitable for detecting the object region. If an interval is not suitable for detection, another one will be selected.
The result by the method was compared with those by the general image processing methods, fixed thresholding and the edge filter, in order to evaluate the advantage in the accuracy and the time.
Results
All the samples were photographed clearly by the phase contrast method, the gradient-echo method and the spin-echo method. In case of the phase-contrast method, the region of the sample was detected well by this method. The result image in intervals of 4.5° was clearer than that in intervals of 9° or 18°. While the particles in the outside of the sample mainly belonged to the PE = RO group, most of the particles in the MnCl 2 solution could just about be classified into the PE < RO group. For the distilled water, the number of the particles in PE < RO group or PE > RO group was less than that in PE = RO group, but enough to be detect the sample in this method. All the sample regions were detected by selecting the particles belonging to PE < RO group or PE > RO group. Moreover, the region in PE = RO group was decreased by the shorter relaxation time. In the case of the image obtained by the gradient-echo method, the boundary between the sample and its outside had many particles belonging to the PE = RO group. While the particles in the inside of the sample mainly belonged to PE < RO group, those in the outside belonged to PE > RO group. The particle in PE = RO group on the boundary was caused by the sharp change in the intensity. The skeletal muscles of Chicken and Porcine were also detected well by this method. The characteristics in the intensity distribution at the boundary were the same as those in the image of the gradient-echo method. In addition, the sample and its outside showed the anisotropy in the intensity distribution but the orientation was differed as the same as the result of the gradient-echo method indicated. The phase or intensity distribution in the object would be influenced by the factor different from that in its outside.
In all the images, this method did not show its advantage in the accuracy and the time, but indicated the difference in the distribution pattern which would be corresponding to each factor influencing the distribution.
Discussion
A segmentation method based on the characteristics in the intensity or the phase distribution was proposed. The results show that this method can be applied for an object, which has various relaxation times for detecting its outline. The result image in the application also indicated that the distribution difference observed in the sample and its outside and caused by the relaxation time although this segmentation method could not show the advantage in the accuracy and the time. The difference in the distribution would be corresponding to the condition about the object and its surroundings. Each influence including the relaxation time should be investigated more precisely using the frequency and the area of the particle in the image in order to improve the method in the future. Understanding the shape of an organ is important because it is representative of the condition of an organ in case of diseases affecting it. The intensity and the phase distribution in MRI image are influenced by the system and the object. The influences in the distribution could be changed by the type of the organ. In this paper, we discuss a method that was developed to evaluate the shape of organs in MR images based on the anisotropy in the intensity or phase distribution. First, the entire intensity range or the phase is divided into intervals. The bounding rectangle for the particle, comprising neighboring points in each divided range, is used to recognize the object based on the elongation direction of the rectangle. This method can be applied to images obtained by phase-contrast, gradient-echo, and spin-echo methods. All the results demonstrate the efficiency of this method in recognizing the outline of the object. Moreover, the distribution anisotropy in the object differed from that in its outside. The result would make the method better. sample; (c-1), the result image where the particle in the PE = RO group is indicated by white, that in PE > RO group by gray and PE < RO group by black; (c-2), the result image where the particle in the PE = RO group is indicated by white and others by black; (d), the result image by the fixed thresholding where the value more than the threshold value is indicated by white and others by black; (e-1), the result image by the edge filter and (e-2), the result image by the edge filter and the fixed thresholding contrast 法によって撮影された画像に対して本法を適用した 例を示す。原画像を Fig. 3 (a sample; (c-1), the result image where the particle in the PE = RO group is indicated by white, that in PE > RO group by gray and PE < RO group by black; (c-2), the result image where the particle in the PE = RO group is indicated by white and others by black; (d), the result image by the fixed thresholding where the value more than the threshold value is indicated by white and others by black; (e-1), the result image by the edge filter and (e-2), the result image by the edge filter and the fixed thresholding Table 2 . Extraction Accuracy Error, the number of the extracted region whose area is from 1 to 2 pixels. -1) , the result image where the particle in the PE = RO group is indicated by white, that in PE > RO group by gray and PE < RO group by black; (c-2), the result image where the particle in the PE = RO group is indicated by white and others by black; (d), the result image by the fixed thresholding where the value more than the threshold value is indicated by white and others by black; (e-1), the result image by the edge filter and (e-2), the result image by the edge filter and the fixed thresholding 
